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(57) A metallic sealing ring 10, is disclosed, having a diagonal brace {36, fig 3) for use in a sealing assembly, 
as shown below. When fasteners 24 are tightened the seal is compressed (see fig 5). The seal may have only 
one diagonal brace (see figs 13-15, 18 and 19) and may have an annular notch (210, fig 16) formed in the 
opposite surface 32 from the diagonal brace (see figs 16-19). The seal may also be constructed of more than 
one piece of metai (see fig 20). 
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METALLIC SEALING RING 



Field of the Invention 

The present invention generally relates to a metallic sealing ring for creating a 
seal between a pair of members. More specifically, the present invention relates to a 
sealing ring that has a wide sealing area to minimize brineUing and radial movement of 
the sealing area. 



Background of the Invention 

A typical static seal assembly has a first member with a first mating surface, 
an annular sealing ring of suitable sealing material (e.g., metal O-ring), and a second 
member with a second mating surface. A mechanical load is applied to the sealing 
ring through the first and second mating surfaces of the members. Typically, the 
mechanical load is created by torquing down a multitude of fasteners such that a 
displacement, also known as squeeze, occurs between the sealing surfaces. The net 
loading of the contact surfaces creates the two sealing lines. 

The low leakage requirement can be achieved by compressing a solid metal 
ring of rectangular cross-section with a sufficient force. One problem with a solid 
metal ring is that the force created could be of sufficient magnitude to cause plastic 
deformation of the mating surfaces of the members. This plastic deformation of the 
mating surface is called brinelling. Once brinelled, the probability of proper re- 
sealing is drastically reduced without first repairing the damaged sealing surfaces. 

The design requirements for static sealing therefore requires an optimum load 
level and flexibility. A good static seal when squeezed must be able to generate load 
levels large enough to seal, but not large enough to brinell the cavity surface. 
Currently, there are many types of metallic sealing rings in the prior art. 

The metallic "O" rings were an early effort to meet these conflicting design 
requirements. However, the resiliency of this type of seal is rather limited because the 
"O" ring, whether solid or hollow, is usually too stiff, and is inherently expensive. 
The development of the C-shaped sealing ring was an improvement to the "O" nng. 
In particular, by simply discarding a portion of the "O", the hoop restraint of the seal 
is greatly reduced and the seal becomes more flexible. However, common "C" seals 
typically cannot reach the desirable standard vacuum level of 1 .OE" 9 standard (1 
atmosphere) cubic centimeters (sec) He/sec. without modification and without being 
coated with very soft plating materials. 

Moreover, the operating principle of the "C" seal is to create and maintain a 
narrow contact dam between the seal and cavity. Because the contact is localized, the 
force is also locally concentrated on the seal. Therefore, as long as the seal surface is 
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softer than the cavity surface, the seal face will yield to achieve sealing. The metallic 
O-ring design utilizes the same principle. Both the "C" and "O" type seals maintain a 
narrow sealing line, which shifts as the seal is compressed to the working height 

In view of the above, it will be apparent to those skilled in the art that there 
exists a need for an improved sealing ring with wide sealing areas that minimiz es 
brinelling and shifting of the sealing line. This invention addresses this need in the art 
as well as other needs which will become apparent to those skilled in the art once 
given this disclosure. 

Smnmarv of the Invention 

One object of the present invention is to provide a metallic beam-column 

sealing ring. 

Another object of the present invention is to provide a metallic sealing ring 
which has geometrically simple cross sections, and can be manufactured with existing 
equipment in large quantities with tight tolerances. 

Still another object of the present invention is to provide a metallic sealing 
ring which provides a wide sealing dam for a large range of squeeze with superior 
high sealing capability. 

Yet another object of the present invention is to provide a metallic sealing ring 
in which the seal dam does not significantly shift during compression of the sealing 
ring. 

Another object of the present invention is to provide a metallic sealing ring 
which uses controlled column buckling to limit reaction forces and avoid deformation 
and brinelling. 

Yet still another object of the present invention is to provide such a metallic 
beam-column sealing ring which has high reliability and 100% yield. 

Another' object of the present invention is to provide a metallic beam column 
sealing ring which has a leakage rate of less than 1 .OF 9 sec/sec He. 

The invention results from the realization that a truly superior seal" made 
wholly of metal in the nature of a "C" seal can be effected utilizing a construction that 
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has two spaced structured beams interconnected by a structured column which 
provides an extensive seal and buckles in a controlled fashion to maintain the seal- 
without shifting of the sealing line or brinelling the mating surfaces of the members to 
be sealed. 

The foregoing objects can basically be attained by providing a metallic sealing 
ring comprising a first annular beam section with a first annular sealing surface facing 
in a first axial direction to contact a first member for creating a first annular sealing 
dam therebetween; a second annular beam section with a second annular sealing 
surface facing in a second axial direction, which is opposite to the first axial direction, 
to contact a second member for creating a second annular sealing dam therebetween; 
an annular inner surface extending between the first and second sealing surfaces to 
form a central passageway; and an annular outer surface extending between the first 
and second sealing surfaces and spaced from the annular inner surface to form an 
annular column section of material extending between the first and second sealing 
surfaces and substantially perpendicular thereto, one of the annular inner and outer 
surfaces having annular recess extending in a substantially radial direction to at least 
partly define a minimum width of the annular column section, the annular recess 
being configured to form a first diagonal brace extending from the annular column 
section to the first beam section. 

In a preferred embodiment each of the beam sections may include a flat 
sealing surface. The flat sealing surfaces may be parallel and they may be 
perpendicular to the axis of the seal. There may be a diagonal brace associated with 
each beam. There may be a recess between the beam structures for defining at least 
one brace and the width of the column structure. The seal may be made of metal such 
as nickel or aluminum or it may be made of alloy steel such as 3 16L stainless steel. 
The column may be a slender column. Tne column may be at least as high as it is 
wide. The beams and column may be integral. The one or more braces may be 
integral with the beams and column. The braces may be oriented at approximately 
45°. 
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Other objects, salient features and advantages of the present invention will 
become apparent to those skilled in the art from the following detailed description, 
which, taken in conjunction with the annexed drawings, discloses preferred 
embodiments of the present invention. 

Brief Description of the Drawings 

Referring now to the attached drawings which form part of this original 

disclosure: 

Fig. 1 is a top plan view of a metallic sealing ring in accordance with a first 
embodiment of the present invention; 

Fig. 2 is a side elevational view of the metallic sealing ring illustrated in Fig. 1 
in which an annular recess is formed in its annular outer surface of the sealing ring to 

form two diagonal braces; 

Fig. 3 is an exploded, longitudinal cross-sectional view of the metallic sealing 
ring illustrated in Fig. 1 together with a seal assembly having a pair of mating 
members or plates which are coupled together by fasteners to axially compress the 
metallic sealing ring for creating an annular seal therebetween; 

Fig. 4 is a longitudinal cross-sectional view of the mating members and the 
metallic sealing ring prior to compression of the metallic sealing ring, i.e., unloaded; 

Fig. 5 is a longitudinal cross-sectional view, similar to Fig. 4, of the mating 
members and the metallic sealing ring, but after the mating members have been 
coupled together by the fasteners to compress the metallic sealing ring for creating an 
annular seal therebetween; 

Fig. 6 is an enlarged, partial cross-sectional view of a portion of the metallic 
sealing ring illustrated in Figs. 1-5, with essential dimensions illustrated; 

Fig. 7 is an enlarged, partial cross-sectional view of a portion of the metallic 
sealing ring illustrated in Figs. 1-6, after being compressed; 

Fig. 8 is an enlarged, partial cross-sectional view of the mating members and 
the metallic sealing ring illustrated in Figs. 1-6, prior to compression of the metallic 
sealing ring, i.e., unloaded; 
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Fig. 9 is an enlarged, partial cross-sectional view, similar to Fig. 8, of the 
mating members and the metallic sealing ring illustrated in Figs. 1-6, but after the 
mating members have been coupled together by the fasteners to compress the metallic 
sealing ring for creating an annular seal therebetween; 

Fig. 10 is an equivalent diagrammatic view of the metallic sealing ring 
illustrated in Figs. 1-9, showing the column, beams and braces formed therein; 

Fig. 1 1 is a side longitudinal cross-sectional view of a prior art "C" ring seal in 
a sealing assembly; 

Fig. 12 is a schematic side cross- sectional view of a prior art ,T C M seal in its 
unloaded position in full lines and its compressed or loaded position in broken lines; 

Fig. 13 is an enlarged, partial cross-sectional view of a portion of a metallic 
sealing ring in accordance with a second embodiment of this invention, with an outer 
recess defining one diagonal brace; 

Fig. 14 is an enlarged, partial cross-sectional view of a portion of the metallic 
sealing ring illustrated in Fig. 13 in accordance with the second embodiment of the 
present invention, after the sealing ring has been loaded to a sealing position; 

Fig. 15 is an equivalent diagrammatic view of the metallic sealing ring 
illustrated in Figs. 13 and 14 in accordance with the second embodiment, showing the 
column , beams and braces formed therein; 

Fig. 16 is an enlarged, partial cross-sectional view of a portion of a metallic 
sealing ring in accordance with a third embodiment of this invention, with a recess 
defining two diagonal brace and a notch decreasing the effective area of the column; 

Fig. 17 is an enlarged, partial cross-sectional view of a portion of the metallic 
sealing ring illustrated in Fig. 16 in accordance with the third embodiment of the 
present invention, after the sealing ring has been loaded to a sealing position; 

Fig. 18 is an enlarged, partial cross-sectional view of a portion of a metallic 
sealing ring in accordance with a fourth embodiment of this invention, with a recess 
defining one diagonal brace and a notch decreasing the effective area of the column; 
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Fig. 19 is an enlarged, partial cross-sectional view of a portion of the metallic 
sealing ring illustrated in Fig. 18 in accordance with the fourth embodiment of the 
present invention, after the sealing ring has been loaded to a sealing position; and 

Fig. 20 is an enlarged, partial cross-sectional view of a portion of a metallic 
sealing ring in accordance with a fifth embodiment of this invention, which is similar 
to the first embodiment, except that the column, beams and braces are formed from 
separate pieces of materials. 

Detailed Description of the Preferred Embodiments 

Initially referring to Figs. 1 and 2, a metallic sealing ring 10 in accordance 
with a first embodiment of the present invention is illustrated- Metallic sealing ring 
10 is illustrated as being circular. However, it will be apparent to those skilled in the 
art from this disclosure that sealing ring 10 could have other types of non-circular ring 
shapes. Moreover, while metallic sealing ring 10 is illustrated as being constructed of 
a one-piece, unitary piece of material, it will be apparent to those skilled in the art 
from this disclosure that it is possible to construct sealing ring 10 of several pieces 
fixedly coupled together as seen in one of the later embodiments of the present 
invention. In any event, metallic sealing ring 10 is preferably machined to its desired 
shape from a suitable metallic material having the desired sealing properties. For 
example, sealing ring 10 can be constructed of pure nickel, aluminum, or a high 
strength steel alloy such as 3 16L stainless steel, or any other suitable sealing material. 

As seen in Figs. 3-5, a sealing assembly 12 in accordance with a first 
embodiment of the present invention is illustrated in which metallic sealing ring 10 
forms a part thereof. More specifically, seal assembly 12 includes a first plate or 
member 14 having a recess 16 with a first mating or sealing surface 1 8 which receives 
sealing ring 10 therein and a second plate or member 20 having a mating or sealing 
surface 22 for contacting sealing ring 10. First and second plates or members 14 and 
20 are coupled together by a plurality of fasteners or bolts 24. By tightening fasteners 
24, sealing ring 10 is loaded, and thus, compressed to plastically deform and create an 
annular seal between first and second members 14 and 20. Deformation of sealing 
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ring 10 is approximately 12% to 30% of the axial height of the sealing ring between 
its sealing surfaces. 

As best seen in Fig. 6, metallic sealing ring 10 has a first annular sealing 
surface 28, a second annular sealing surface 30, an annular inner surface 32 and an 
annular outer surface 34. First annular sealing surface 28 faces in a first axial 
direction to contact sealing surface 18 of first member 14 for creating a first annular 
sealing dam therebetween. Second annular sealing surface 30 faces in a second axial 
direction, which is opposite to the first axial direction of annular sealing surface- 28, to 
contact sealing surface 22 of second member 20 for creating a second annular sealing 
Haiti therebetween. Preferably, first and second annular sealing surfaces 28 and 30 are 
substantially flat surfaces which are parallel to one another and perpendicular to the 
center axis of sealing ring 10. Optionally, annular sealing surfaces 28 and 30 can be 
coated with a smearable plating or the like. However, such a smearable plating is 
typically unnecessary in sealing rings of the present invention. 

Annular inner surface 32 extends between first and second annular sealing 
surfaces 28 and 30 to form a central passageway which is surrounded by inner surface 
32. In this particular embodiment, inner annular surface 32 extends substantially 
perpendicular to first and second sealing surfaces 28 and 30. However, it will be 
apparent to those skilled in the art from this disclosure that inner surface 32 can be 
further machined to decrease the amount of the loading force necessary to deform 
sealing ring 10 in subsequent embodiments. Moreover, as seen in the other 
embodiments explained below, inner surface 32 can be contoured such as to have an 
annular recess or the like. 

Annular outer surface 34 extends between first and second sealing surfaces 28 
and 30, and is spaced radially outwardly from annular inner surface 32. Outer surface 
34 has an annular recess 36 extending in a substantially radial direction to control the 
amount of loading force necessary to deform sealing ring 10. Preferably, recess 36 is 
a continuous recess with a uniform shape. 

Sealing ring 10 can be basically broken down to five sections (shown in 
broken lines). In particular, sealing ring 10 has a slender column section 50, a first 
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beam section 52, a second beam section 54, a first diagonal brace section 56 and a 
second diagonal brace section 58. Tne slender column section 50 extends between 
annular sealing surfaces 28 and 30 and overlaps portions of the beam sections 52 and 
54. In particular, beam sections 52 and 54 extend between annular inner surface 32 
and annular outer surface 34 of sealing ring 10. The diagonal brace sections 56 and 
58 are angled relative to column section 50 and beam sections 52 and 54 to define 
annular recess 36. In this particular embodiment, the diagonal brace sections 56 and 
58 extend approximately from the mid point of column section 50 towards the outer 
ends of beam sections 52 and 54 to provide support for beam sections 52 and 54 at 
their outer ends. This can be better seen by the line drawing in Fig. 10, which 
diagramm atically illustrates the sections of sealing ring 10 as straight lines to 
represent the column, beams and braces forming sealing ring 10. The shape of recess 
36 is determined by the desired seal widths of sealing surfaces 28 and 30, the desired 
minimnrri column width C 1? the effective angles of brace sections 56 and 58 and the 
thickness or depth B { of beam sections 52 and 54. 

The geometric and dimensional characteristics of sealing ring 10 can be 
particularly seen in Figs. 2 and 6. Referring initially to Fig. 2, the outer diameter Dj 
of sealing ring 10 can be any desired shape depending upon the application of sealing 
ring 10, i.e., there is no limit to its outer diameter. The inner diameter D 2 of sealing 
ring 10 should be at least approximately 0.008 inch or greater. The free axial height 
of sealing ring 10 is equal to the height of annular column section 50 which is 
typically between approximately 0.020 inch to approximately 1.0 inch. The radial 
width of sealing ring 10 is the difference between the outer diameter T>[ and the inner 
diameter D 2 , i.e., the distance between outer surface 34 and inner surface 32. In this 
preferred embodiment, the radial width of the sealing ring 1 0 is preferably at least 
approximately 0.020 inch or greater. Moreover, the seal width in this embodiment 
extends the entire length of annular sealing surfaces 28 and 30. 

Referring now to Fig. 6, the shape of sealing ring 10 is typically made by 
machining a groove into outer surface 34 of sealing ring 10. Preferably, a simple 
shaped cut is made in the outer diameter or surface 34 of sealing ring 10 to form 
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annular recess 36. Preferably, a plurality of sealing rings can be made from a metallic 
tube or pipe by forming a plurality of grooves in the outer surface of a metal pipe or 
tube. After a plurality of recesses 36 are constructed on the outer surface 34 of the , 
pipe, and the pipe is then cut in-between the annular recesses 36 to the desired sealing 
ring height C 2 to create a plurality of sealing rings 1 0. The cut on outer surface 34 
creates one or two diagonal brace sections 56 and 58, as well as defines the effective 
minim um width C x of the column section 50 and the effective minimum thickness Bj 
of beam sections 52 and 54. Preferably, each of the diagonal brace sections 56 and 58 
has a slant angle in the range of 45° plus or minus 10°. 

The effective minim um column width C t of column section 50 is typically 
between approximately 0.008 inch and approximately 0.030 inch. The height of 
annular column section 50, as mentioned above, is preferably in the range of 
approximately 0.020 inch to approximately 1.0 inch. • The ratio between the height Q 
of annular column section 50 and the effective minimum width Q of annular column 
section 50 is preferably 3:1 or greater, i.e., the height C 2 is three times or greater than 
the effective minimum width C L of column section 50. When the annular column 
height C 2 is less than 1.0 inch (smaller sealing rings) the more optimum range of the 
effective column width C, of column section 50 is between 0.008 inch and 
approximately 0.020 inch. In other words, the taller the sealing ring, the wider the 
effective minimum column width C, can be in comparison to smaller sealing rings. 

The axial thickness or depth B, of beam sections 52 and 54 depends upon 
brace sections 56 and 58. In particular, the axial depth B, of beam sections 52 and 54 
can be effectively zero. In other words, annular sealing surfaces 28 and 30 can meet 
with recess 36 to form a point. However, if one of the brace sections 56 or 58 is 
eliminated, then the beam section 52 or 54 without the brace section 56 or 58 should 
have an axial depth Bi of at least approximately 0.010 inch. 

Beam sections 52 and 54 preferably have a radial width B 2 of at least 0.020 
inch or greater. Preferably, the radial widths B 2 of beam sections 52 and 54 are equal 
to one another and equal to the widths of the sealing surfaces 28 and 30. Of course, 
the widths B 2 of beam sections 52 and 54 can be different, if needed and/or desired. 
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Although thus far seal ring 10 has been depicted with annular recess 36 
associated with outer surface 34, this is not a necessary limitation of the invention as 
annular recess 36 can be made on inner surface 32 such that recess 36 faces radially 
inwardly towards the center axis of sealing ring 10. 

Moreover, while sealing ring 10 is shown with the beam sections 52 and 54, 
diagonal brace sections 56 and 58 and the column section 50 all integrally formed, 
this is not a necessary limitation of the invention as any one or more of them may be 
formed independently of the others as mentioned above. 

In use, sealing ring 10 is placed between member 14 and member 20 of seal 
assembly 12. The fiat sealing da m s of sealing surfaces 28 and 30 are in full sealing 
contact withthe sealing surfaces 18 and 22 of members 14 and 20, respectively, when 
seal assembly 12 is coupled together as seen in Fig. 5. In particular, members 14 and 
20 are fastened together by a plurality of fasteners 24- (only two shown) which presses 
or squeezes sealing ring 10 so that it bulges somewhat at aportion of inner surface 32 
as seen in Fig. 7. Thus, sealing ring 10 does not significantly shift or expand the seal 
contact, and thus, maintains a better and more secure seal. The beam sections 52 and 
54 and column section 50 collapse in a controlled fashion, limiting the reaction forces. 
The seal point does not shift or expand but maintains a constant seal contact. 

Prior Art v. Sealing Ring 10 

As shown in Fig. 1 1, a conventional seal assembly 12' is illustrated and 
includes a base plate or member 14' having a recess 16* with a bottom sealing surface 
1 8* which receives C-shaped sealing ring 10' therein. A cover plate or member 20' 
with top sealing surfaces 22' with top sealing surface 22' is fastened to base plate or 
member 14' and clamped down by a plurality of fasteners 24' to bring sealing surface 
22* to bear on the other side of "C" ring or sealing ring 10'. Initially such a 
conventional "C" seal, shown in Fig. 12, unloaded and in an unconstrained 
environment, has a single points or lines of contact at the top and the bottom where it 
meets with the sealing surfaces 18* and 22*. However, upon loading sealing ring 10' as 
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seen in Fig. 12, the sealing ring 10 compresses and that seal dam line shifts and 
expands. This shifts the seal contact and interferes with the sealing action. 

In contrast, sealing ring 10 according to this invention, has two extended flat 
sealing surfaces 28 and 30 which are formed by two structural beam sections 52 and 
54 supported by a slender structural column section 50 and reinforced by two diagonal 
brace sections 56 and 58. Slender column section 50 is typically taller or higher than 
it is wide. For example, column section 50 can be three times taller than it is wide. 
_ Brace sections 56 and 58 are typically at a 45° angle with respect to beam sections 52 
and 54. Accordingly, a wide sealing area is created on both sealing surfaces 28 and 
30 which does not significantly shift during compression of sealing ring 10. 

Second Embodiment 

Referring to Figs. 13-1 5, a metallic sealing ring 1 10 in accordance with a 
second embodiment of the present invention is illustrated. Although only a portion of 
metallic sealing ring 1 10 is illustrated herein, it will be apparent to those skilled in the 
art from this disclosure that sealing ring 1 10 is a continuous ring which can be either 
circular or non-circular. Preferably, the cross-section of sealing ring 1 10 is uniform as 
it extends about the periphery of sealing ring 1 1 0. Moreover, while metallic sealing 
ring 1 10 is illustrated as being constructed of a one-piece, unitary piece of material, it 
will be apparent to those skilled in the an from this disclosure that it is possible to 
construct sealing ring 1 10 of more than one pieces. In any event, metallic sealing ring 
1 10 is preferably machined to its desired shape from a suitable metallic material 
having the desired sealing properties. For example, sealing ring 1 10 can be 
constructed of pure nickel, aluminum, or a high strength steel alloy such as 316L 
stainless steel, or any other suitable sealing material. 

In view of the similarities of sealing ring 1 10 to sealing ring 1 0, discussed 
above, sealing ring 1 10 will not be discussed or illustrated in detail herein. Basically, 
metallic sealing ring 1 10 has a first annular sealing surface 128, a second annular 
sealing surface 130, a first annular connecting surface 132 and a second annular 
connecting surface 134. In this embodiment, as illustrated by the broken lines, sealing 
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ring 1 10 has a slender column section 150 3 a first beam section 152, a second beam 
section 154 and only one diagonal brace section 156. A root gap 162 is formed 
between beam section 154 and brace section 156 to control the contact pattern and the 
load when only one beam is used. The root gap 162 has an axial height R x of 
approximately 0.005 inch to approximately 0. 15 inch. Since only one brace section 
156 is used, it is important that the radial depth B { of second beam section 154 be 
approximately 0.010 or greater. Beam section 152, on the other hand, is supported by 
brace section 156 such that the radial depth Bj of beam section 152 can be zero. 

When sealing ring 1 10 is used with sealing assembly 12, discussed above, first 
annular sealing surface 128 faces in a first axial direction to contact sealing surface 18 ' 
of first member 14 for creating a first annular sealing dam therebetween. Second 
annular sealing surface 130 faces in a second axial direction, which is opposite to the 
first axial direction of annular sealing surface 128, to'contact sealing surface 22 of 
second member 20 for creating a second annular sealing dam therebetween. 
Preferably, first and second annular sealing surfaces 128 and 130 are substantially flat 
surfaces which are parallel to one another. 

Annular connecting surfaces 132 and 134 extend between first and second 
annular sealing surfaces 128 and 130. In this particular embodiment, annular 
connecting surface 132 extends substantially perpendicular to first and second sealing 
surfaces 128 and 130. Connecting surface 134 has an annular recess 136 extending in 
a substantially radial direction to control the amount of loading force necessary to 
deform sealing ring 110. It will be apparent to those skilled in the art from this 
disclosure that annular connecting surfaces 132 and J 34 can be arranged similar to the 
first embodiment, i.e., where surface 132 is the inner surface and surface 134 is outer 
surface, or vice-a-versa. In other words, the annular recess 136 of sealing ring 1 10 as 
seen in Figs. 13-15 can be formed on either the inner or outer diameter of metallic 
sealing ring 110. 
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Third Embodiment 

Referring to Figs. 16 and 17, a metallic sealing ring 210 in accordance with a 
third embodiment of the present invention is illustrated. Sealing ring 210 is nearly 
identical to sealing ring 10, discussed above, except that sealing ring 210 has an 
annular notch 260 formed on either its inner or outer diameter, depending on which 
surface recess 236 is formed. Notch 260 is used to decrease the effective minim um 
width of column section 250 to decrease the load needed to compress sealing ring 210 
as seen in Fig. 17. ■ - 

In view of the similarities of sealing ring 210 to sealing ring 10, discussed 
above, sealing ring 210 will not be discussed or illustrated in detail herein. Basically, 
metallic sealing ring 210 has a first annular sealing surface 228, a second annular 
sealing surface 230, a first annular connecting surface 232 and a second annular 
connecting surface 234. In this embodiment, as illustrated by the broken lines, sealing 
ring 210 has a slender column section 250, a pair of beam sections 252 and 254 and a 
pair of diagonal brace sections 256 and 258. 

Although only a portion of metallic sealing ring 210 is illustrated herein, it 
will be apparent to those skilled in the art from this disclosure that sealing ring 210 is 
a continuous ring which can be either circular or non-circular. Preferably, the cross- 
section of sealing ring 210 is uniform. Moreover, while metallic sealing ring 210 is 
illustrated as being constructed of a one-piece, unitary piece of material, it will be 
apparent to those skilled in the art from this disclosure that it is possible to construct 
sealing ring 210 of more than one pieces. In any event, metallic sealing ring 210 is 
preferably machined to its desired shape from a suitable metallic material having the 
desired sealing properties. For example, sealing ring 210 can be constructed of pure 
nickel, aluminum, or a high strength steel alloy such as 3 16L stainless steel, or any 
other suitable sealing material. 

When sealing ring 210 is used with sealing assembly 12, discussed above, first 
annular sealing surface 228 faces in a first axial direction to contact sealing surface 18 
of first member 14 for creating a first annular sealing dam therebetween. Second 
annular sealing surface 230 faces in a second axial direction, which is opposite to the 
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first axial direction of annular sealing surface 228, to contact sealing surface 22 of 
second member 20 for creating a second annular sealing dam therebetween. 
Preferably, first and second annular sealing surfaces 228 and 230 are substantially flat 
surfaces which are parallel to one another. 

Annular connecting surfaces 232 and 234 extend between first and second 
annular sealing surfaces 228 and 230. In this particular embodiment, annular 
connecting surface 232 extends substantially perpendicular to first and second sealing 
surfaces 228 and 230. Connecting surface 234 has an annular recess 236 extending in 
a substantially radial direction to control the amount of loading force necessary to 
deform sealing ring 210. It will be apparent to those skilled in the art from this 
disclosure that annular connecting surfaces 232 and 234 can be arranged similar to the 
first embodiment, i.e., where surface 232 is the inner surface and surface 234 is outer 
surface, or vice-a-versa. In other words, the annular recess 236 of sealing ring 210 as 
seen in Figs. 16 and 17 can be formed on either the inner or outer diameter of metallic 
sealing ring 210. 

Fourth Embodiment 

Referring to Figs. 1 8 and 19, a metallic sealing ring 3 10 in accordance with a 
fourth embodiment of the present invention is illustrated. This embodiment is similar 
to sealing ring 1 10, discussed above, but has an annular notch 360 formed on either its 
inner or outer diameter as in the third embodiment. Notch 360 is used to decrease the 
effective r"^™'*™ width of column section 350 to decrease the load needed to 
compress sealing ring 3 10 as seen in Fig. 19. 

In view of the similarities of sealing ring 3 10 to sealing ring 10, discussed 
above, sealing ring 310 will not be discussed or illustrated in detail herein. Basically, 
metallic sealing ring 3 10 has a first annular sealing surface 328, a second annular 
sealing surface 330, a first annular connecting surface 332 and a second annular 
connecting surface 334. In this embodiment, as illustrated by broken lines, sealing 
ring 3 10 has a slender column section 350, a pair of beam sections 352 and 354 and 
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only one brace section 356. A root gap 362 is formed within recess 336 to control the 
contact pattern and the load when only one beam is used. 

Although only a portion of metallic sealing ring 310 is illustrated herein, it 
will be apparent to those skilled in the art from this disclosure that sealing ring 3 10 is 
a continuous ring which can be either circular or non-circular. Preferably, the cross- 
section of sealing ring 310 is uniform. Moreover, while metallic sealing ring 310 is 
illustrated as being constructed of a one-piece, unitary piece of material, it will be 
apparent to those skilled in the art from this disclosure that it. is possible to construct 
sealing ring 310 of more than one pieces. In any event, metallic sealing ring 310 is 
preferably machined to its desired shape from a suitable metallic material having the 
desired sealing properties. For example, sealing ring 310 can be constructed of pure 
nickel, aluminum, or a high strength steel alloy such as 3 16L stainless steel, or any 
other suitable sealing material. 

When sealing ring 310 is used with sealing assembly 12, discussed above, first 
annular sealing surface 328 faces in a first axial direction to contact sealing surface 18 
of first member 14 for creating a first annular sealing dam therebetween. Second 
annular sealing surface 330 faces in a second axial direction, which is opposite to the 
first axial direction of annular sealing surface 328, to contact sealing surface 22 of 
second member 20 for creating a second annular sealing dam therebetween. 
Preferably, first and second annular sealing surfaces 328 and 330 are substantially flat 
surfaces which are parallel to one another. 

Annular connecting surfaces 332 and 334 extend between first and second 
annular sealing surfaces 328 and 330. In this particular embodiment, annular 
connecting surface 332 extends substantially perpendicular to first and second sealing 
surfaces 328 and 330. Connecting surface 334 has an annular recess 336 extending in 
a substantially radial direction to control the amount of loading force necessary to 
deform sealing ring 310. It will be apparent to those skilled in the art from this 
disclosure that annular connecting surfaces 332 and 334 can be arranged similar to the 
first embodiment, i.e., where surface 332 is the inner surface and surface 334 is outer 
surface, or vice-a-versa. In other words, the annular recess 336 of sealing ring 3 10 as 
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seen in Figs. 18 and 19 can be formed on either the inner or outer diameter of metallic 
sealing ring 310. 

Fifth Embodiment 

Referring now to Fig. 20, a metallic sealing ring 410 in accordance with a fifth 
embodiment of the present invention is illustrated Metallic sealing ring 410 is similar 
to sealing ring 10, discussed above, except that sealing ring 410 is constructed from 
several -pieces of material. The pieces or sealing ring 410 are preferably constructed 
of pure nickel, aluminum, or a high strength steel alloy such as 316L stainless steel, or 
any other suitable sealing material. Of course, each piece of sealing ring 410 can be 
the same material as other pieces or of a different material from any other piece, or 
any combination thereof. 

In view of the similarities of sealing ring 410 to sealing ring 10, discussed 
above, sealing ring 410 will not be discussed or illustrated in detail herein. Basically, 
metallic sealing ring 410 has a first annular sealing surface 428, a second annular 
sealing surface 430, a first annular connecting surface 432 and a second annular 
connecting surface 434. First annular sealing surface 428 faces in a first axial 
direction to contact sealing surface 1 8 of first member 14 for creating a first annular 
sealing dam therebetween. Second annular sealing surface 430 faces in a second axial 
direction, which is opposite to the first axial direction of annular sealing surface 428, 
to contact sealing surface 22 of second member 20 for creating a second annular 
sealing dam therebetween. Preferably, first and second annular sealing surfaces 428 
and 430 are substantially flat surfaces which are parallel to one another. Although 
only a portion of metallic sealing ring 410 is illustrated herein, it will be apparent to 
those skilled in the art from this disclosure that sealing ring 410 is a continuous ring 
which can be either circular or non-circular. Preferably, the cross-section of sealing 
ring 410 is uniform about the periphery of sealing ring 410. 

Annular connecting surfaces 432 and 434 extend between first and second 
annular sealing surfaces 428 and 430. In this particular embodiment, annular 
connecting surface 432 extends substantially perpendicular to first and second sealing 
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surfaces 428 and 430. Connecting surface 434 has an annular recess 436 extending in 
a substantially radial direction to control the amount of loading force necessary to 
deform sealing ring 410. It will be apparent to those skilled in the art from this 
disclosure that annular connecting surfaces 432 and 434 can be arranged similar to the 
first embodiment, i.e., where surface 432 is the inner surface and surface 434 is outer 
surface, or vie e-a- versa. In other words, the annular recess 436 of sealing ring 41 0 as 
seen in Fig. 20 can be formed on either the inner or outer diameter of metallic sealing 
ring 410. 

While several embodiments have been chosen to illustrate the present 
invention, it will be understood by those skilled in the art that various changes and 
modifications can be made herein without departing from the scope of the present 
invention as defined in the appended claims. 
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Claims : 



1. 



A metallic sealing ring comprising: 



a first annular beam section with a first annular sealing surface facing in a first 
axial direction to contact a first member for creating a first annular sealing dam 
therebetween; 

a second annular beam section with a second annular sealing surface facing in 
a second axial direction, which is opposite to said first axial direction, to contact a 
second member for creating a second annular sealing dam therebetween; 

an annular inner surface extending between said first and second sealing 
surfaces to form a central passageway; and 

an annular outer surface extending between said first and second sealing 
surfaces and spaced from said annular inner surface to form an annular column section 
of material extending between said first and second sealing surfaces and substantially 
perpendicular thereto, 

one of said annular inner and outer surfaces having an annular recess 
extending in a substantially radial direction to at least partly define an effective 
minimum width of said annular column section, said annular recess being configured 
to form a first diagonal brace section extending from said annular column section to 
said first beam section. 

2. The metallic sealing ring according to claim 1, wherein 

said effective minimum width of said annular column section lies within the 
range of approximately 0.008 inch to approximately 0.030 inch. 
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3. The metallic sealing ring according to claim 1, wherein 

said annular column section has an axial height of less than 1 .0 inch. 

4. The metallic sealing ring according to claim 1, wherein 

said column section and said beam sections are integrally constructed from a 
one-piece, unitary member. 

5. The metallic sealing ring according to claim 1, wherein 

said brace section is integrally formed with said column section and said beam 
sections as a one-piece, unitary member. 

6. The metallic sealing ring according to claim 1 , wherein 

an annular notch is formed in the other of said inner and outer surfaces which 
does not have said annular recess. 

7. The metallic sealing ring according to claim 1, wherein 

a second diagonal brace section extends from said annular column section to 
said second beam section. 

8. The metallic sealing ring according to claim 7, wherein 

said first and second brace sections meet midway between said annular sealing 
surfaces at said annular column section. 
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9. The metallic sealing ring according to claim 1, wherein said annular recess is 
formed in said annular inner surface. 

10. The metallic sealing ring according to claim 1, wherein said annular recess is 
formed in said annular outer surface. 

11. The metallic sealing ring according to claim 1 , wherein said column section, said 
beam sections and said brace section are formed from a separate piece which are fixedly 
coupled together. 

12. A metallic sealing ring substantially as hereinbefore described with reference to 
and as illustrated in figures 1 to 10 or 13 to 15 or 16 and 17 or 18 and 19 or 20 of the 
accompanying drawings. 
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